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We report on the recent result that the non–perturbative vacuum structure associated with neu-
trino mixing leads to a non–zero contribution to the value of the cosmological constant. Its value is
estimated by using the natural cut–off appearing in the quantum field theory formalism for neutrino
mixing.
In this report we show that the vacuum energy induced by the neutrino mixing may contribute to the value of
cosmological constant [1].
It is known that vacuum for neutrinos with definite mass is not invariant under the field mixing transformation and
in the infinite volume limit it is unitarily inequivalent to the vacuum for the neutrinos with definite flavor [2]- [10].
This phenomenon is crucial in order to obtain a non–zero contribution to the cosmological constant [1]; it also affects
the oscillation formula which turns out to be different from the usual Pontecorvo formula [11]. In the following, for
simplicity we restrict ourselves to the two flavor mixing and we use Dirac neutrino fields.
It was shown [6] that in Quantum Field Theory (QFT) it is possible to construct flavor states for neutrino fields.
In the limit of infinite volume, these states are orthogonal to the mass eigenstates: we have two inequivalent vacua
each other related by the mixing generator Gθ(t): |0(t)〉f ≡ G−1θ (t) |0〉m. Here, θ is the mixing angle, t is the time,|0(t)〉f and |0〉m, are the flavor and the mass vacua, respectively. Gθ(t) is given by:
Gθ(t) = exp
[
θ
∫
d3x
(
ν†
1
(x)ν2(x)− ν†2(x)ν1(x)
) ]
. (1)
A Bogoliubov transformation is involved in connecting the flavor annihilation operators to the mass annihilation
operators. We consider in particular the Bogoliubov coefficient Vk which is related to the condensate content of the
flavor vacuum [2]:
f 〈0|αr†k,jαrk,j |0〉f = f 〈0|βr†k,jβrk,j |0〉f = |Vk|2 sin2 θ, j = 1, 2, (2)
where αr
k,j , β
r
k,j are the annihilation operators for the neutrino fields ν1, ν2 with definite masses, m1, m2 . |Vk|2 is
zero for m1 = m2, it has a maximum at |k| = √m1m2 . For |k| ≫ √m1m2 , it goes like |Vk|2 ≃ (m2 −m1)2/(4|k|2).
We now use this formalism to derive a contribution to the value of the cosmological constant Λ.
The connection between the vacuum energy density 〈ρvac〉 and Λ is provided by the usual relation 〈ρvac〉 = Λ/4piG,
where G is the gravitational constant.
To compute Λ we can use the (0,0) component of the energy momentum tensor in the flat space-time TFlat
00
. Indeed,
one can see that the temporal component of the spinorial derivative in the FRW metric is just the standard time
derivative [1]: D0 = ∂0. Thus, T00 = T Flat00 . We then obtain
T00(x) = i
2
∑
σ=e,µ
:
(
ν¯σ(x)γ0
↔
∂ 0 νσ(x)
)
: =
i
2
∑
j=1,2
:
(
ν¯j(x)γ0
↔
∂ 0 νj(x)
)
: (3)
where : ... : denotes the customary normal ordering with respect to the mass vacuum in the flat space-time. In
terms of the annihilation and creation operators of fields ν1 and ν2, the energy-momentum tensor T00 =
∫
d3xT00(x)
is given by
T00 =
∑
r,j
∫
d3kωk,j
(
αr†
k,jα
r
k,j + β
r†
−k,jβ
r
−k,j
)
. (4)
Note that T00 is time independent.
The expectation value of T00 in the flavor vacuum |0〉f gives the contribution 〈ρmixvac 〉 of the neutrino mixing to the
vacuum energy density:
1
f 〈0|T00|0〉f = 〈ρmixvac 〉η00 . (5)
Within the QFT formalism for neutrino mixing we have f 〈0|T00|0〉f = f 〈0(t)|T00|0(t)〉f for any t. We then obtain
f 〈0|T00|0〉f =
∑
r,j
∫
d3kωk,j
(
f 〈0|αr†k,jαrk,j |0〉f + f 〈0|βr†k,jβrk,j|0〉f
)
,
and
f 〈0|T00|0〉f = 8 sin2 θ
∫
d3k (ωk,1 + ωk,2) |Vk|2 = 〈ρmixvac 〉η00, (6)
i.e.
〈ρmixvac 〉 = 32pi2 sin2 θ
∫ K
0
dk k2(ωk,1 + ωk,2)|Vk|2, (7)
where the cut-off K has been introduced. Eq.(7) is our result: it shows that the cosmological constant gets a non-
zero contribution induced purely from the neutrino mixing [1]. Notice that such a contribution is indeed zero in the
no-mixing limit (θ = 0 and/or m1 = m2). Moreover, the contribution is absent in the traditional phenomenological
(Pontecorvo) mixing treatment.
We may try to estimate 〈ρmixvac 〉 by fixing the cut-off. If we choose the cut-off proportional to the natural scale
appearing in the mixing phenomenon k0 ≃ √m1m2 [2]: using K ∼ k0, m1 = 7 × 10−3eV , m2 = 5 × 10−2eV , and
sin2 θ ≃ 0.3 [12] in Eq.(7), we obtain 〈ρmixvac 〉 = 0.43× 10−47GeV 4 and Λ ∼ 10−56cm−2 which is in agreement with the
upper bound of Λ [13]. Another possible choice is to use the electro-weak scale cut-off: K ≈ 100GeV . We then have
Λ ∼ 10−24cm−2, which is, however, beyond the accepted upper bound.
In a recent paper [14], it was suggested that, in the context of hierarchical neutrino models, the cut-off scale can
be taken as the sum of the two neutrino masses, K = m1 +m2, resulting in a contribution of the right order.
In conclusion, the QFT treatment of the neutrino mixing leads to a non zero contribution to the cosmological
constant [1].
By choosing the cut–off given by the natural scale of the neutrino mixing phenomenon, we obtain a value of Λ
which is consistent with its accepted upper bound. Our result discloses a new possible, non-perturbative mechanism
contributing to the cosmological constant value.
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